Oral susceptibility and vertical transmission of dengue virus type 2 (DENV-2) in an Aedes albopictus sample from Rio de Janeiro was estimated. The infection (36.7%) and transmission (83.3%) rates for Ae. albopictus were higher than those of an Ae. aegypti colony used as control, 32.8 and 60%, respectively. Fourth instar larvae and females descendants of 48.5 and 39.1% of experimentally infected Ae. albopictus showed to harbor the virus. The oral susceptibility and the high capacity to assure vertical transmission exhibited by Ae. albopictus from Brazil reinforce that this species may play a role in the maintenance of the virus in nature and be a threat for dengue control in the country.
Dengue has been considered the most important arboviruses affecting man (Gubler 1998) . In Brazil, epidemics have been reported since the early 1980's, few years after the re-colonization of the country by Aedes aegypti. Currently, Ae. aegypti is spread in Brazil and three dengue virus (DENV) serotypes (DENV-1, DENV-2, DENV-3) co-circulate in 25 out of 27 Brazilian states. So far DENV-4 has not been reported in Brazil since 1982 (Schatzmayr 2000 , da Silva Junior et al. 2002 .
Ae. albopictus, an important dengue vector in Asia (Shroyer 1986 ) and the primary vector in a recent outbreak in Hawaii (MNWR 2002) , was discovered in Brazil in 1986. The species is considerably spread in the country, especially in the South and Southeast regions (Santos 2003) . The Brazilian samples of Ae. albopictus have proved to be experimentally susceptible to both DENV and yellow fever virus (Miller & Ballinger 1988 . However, the potential of Ae. albopictus populations occurring in Brazil as dengue vector is far to be known. This is specially because the evidence that successive introductions and establishment of Ae. albopictus populations from other geographic regions go on occurring that may lead to genetic modification and consequent changes in vector competence and transmission patterns , Lounibos et al. 2003 .
Vector competence to DENV depends on the susceptibility of a mosquito to become infected and subsequently transmit the virus through the bite. For that, ingested virus particles during a blood meal on an infected host must reach the epithelium of the midgut, replicate, and pass through this main barrier to get into the haemocell. Then, virus replication and dissemination take place cell-to-cell all over the mosquito's body and finally the virus reach the epithelium of the salivary gland and may be transmitted by the injection of infected saliva in a susceptible vertebrate host (Gubler & Kuno 1997) . Arboviruses may also be transmitted among mosquitoes in other ways: venereal and vertical transmission, i.e. when the virus is transmitted to the progeny of an infected female (Woodring et al. 1996) .
DENV-1 was once detected in immatures of Ae. albopictus collected in Southeastern Brazil (Serufo et al. 1993 ) and DENV-2 and DENV-3 were isolated from males caught in Mexico (Ibáñez-Bernal et al. 1997) , thus giving evidences that vertical transmission in this species may be an important event for the maintenance of the virus in nature in the Americas.
In this manuscript, the oral susceptibility and the vertical transmission of DENV-2 are experimentally evaluated for a Brazilian Ae. albopictus sample and the potential role of this mosquito species in the epidemiology of dengue in the country is discussed.
MATERIALS AND METHODS
Virus strain -The DENV-2 strain 63139 (collection of the Flavivirus Laboratory, Instituto Oswaldo Cruz) was isolated in 1998 from a dengue fever patient's sera from Rio de Janeiro by inoculation into Ae. albopictus C6/36 cell line and was identified by immunofluorescence using type-specific monoclonal antibodies (Igarashi 1978 , Gubler et al. 1984 . The DENV-2 stocks were obtained by the passage in Ae. albopictus clone C6/36 culture cells and were used at a titer of 10 6 TCID 50 per 0.1 ml (Reed & Muench 1938) .
Mosquito experimental infections -Seven assays of mosquito infections with DENV-2 were conducted using a laboratory open colony of Ae. albopictus established from specimens collected in Jacarepaguá, Rio de Janeiro, one year before. Dozens of offsprings (F1) of wild Ae. albopictus females collected in the same site were bimonthly introduced in the colony. The Manguinhos colony of Ae. aegypti, derived from larvae collected in Rio de Janeiro in 1987, was used as control of virus infectivity.
Sets of 150 5-7 days old females were starved 24 h before infection. The infectious meal contained 1/3 washed sheep erythrocytes, 1/3 virus suspension and 1/3 fetal calf serum (FCS, Gibco-Brl) containing 10% sucrose, according to Gubler and Rosen (1976) . After a blood meal of 2 h, completely engorged females were kept at 27°C and 70-80% humidity, and daily provided with 10% sucrose. On the 7th day after taking the infectious blood meal, a non-infectious blood meal (1/3 sheep erythrocytes, 1/3 Leibovitz L-15 culture medium and 1/3 FCS) was offered to mosquitoes. On the 10th day, mosquitoes were individually transferred to vials with wet filter paper on the bottom as oviposition support. On day 14th, mosquitoes were frozen (-70°C). Mosquito eggs were kept at 27°C and 70-80% air humidity on wet filter paper for 10 days and let to dry from day 11 to 20 after oviposition. Egg batches of each female were immerged in tap water on the 21st day. Mosquitoes were reared in controlled conditions of temperature and humidity (27°C, 70-80%), according to Consoli and Lourenço-de-Oliveira (1994) . Samples of fourth instar larvae and emerged adult females from each egg batch were pooled according to stage and sex and frozen (-70°C) for subsequent virus isolation.
We used indirect immunofluorescence assay (IFA) on head squashes of mosquitoes randomly selected in each set to determine infection rates. Individual head squashes were let to dry and fixed with acetone at -20°C, for 20 min. Fluorescein isothiocyanate-conjugated anti mouse IgG and monoclonal antibody (3H5, gently provided by D Gubler, CDC), diluted 1:20, was used to detect DENV antigens in nervous tissues in head of assayed mosquitoes. Carcasses of these mosquitoes were individually ground in Leibovitz-15 culture medium (Sigma) and centrifuged (3000 rpm at 4°C, for 15 min); the supernatant was inoculated in C6/36 cell culture (Igarashi 1978) for virus re-isolation. Carcasses of the reminder mosquitoes fed with the infectious meal in each set were pooled and inoculated in C6/36 cell. Cell cultures were incubated at 28ºC for 14 days, when virus was detected by IFA.
RNA extraction and reverse transcriptase-PCR amplification (RT-PCR) -Viral RNA was extracted from the supernatant of infected cells by using the QIAmp Viral Mini Kit (Qiagen, Inc., Valencia, CA) according to the manufacturer's protocol. RT-PCR for detecting DENV was performed according to Lanciotti et al. (1992) . Amplification was conducted in 0.5 ml Eppendorf  tubes using a Model 2400 thermocycler (Perkin-Elmer, Norwalk, CT) or PTC-200-60 thermocycler (MJ Research, Inc., Watertown, MA). Negative controls were included as follows: saliva of non infected Ae. albopictus and Ae. aegypti from laboratory colonies, and water. DENV-2 from C6/36 cell culture was the positive control.
Detection of virus and viral RNA in mosquito saliva -To evaluate virus transmission rates (no. transmitting/ no. of infected mosquitoes) we searched DENV-2 in the saliva of 52 Ae. albopictus and 52 Ae. aegypti randomly selected females which were induced to salivate for 15 min in capillary tubes containing 4 µl mineral oil on day 14th after taken the infectious meal, as described by Hurlbur (1966) . The mineral oil containing each sample of mosquito saliva was dropped into 20 µl of NaCl 0.85% and centrifuged (1500 rpm, per 3 min). 130 µl of PBS pH 7.2 were added to 10 µl of supernatant of mosquito saliva sample to a final volume of 140 µl for the detection of viral RNA by RT-PCR.
RESULTS
Infection rates, as determined by IFA in head squashes, were 36.7% for Ae. albopictus from Rio de Janeiro, and 32.8% for the control Ae. aegypti. Virus re-isolation in C6/ 36 cell culture from respective mosquito carcasses was achieved in 35.9% of Ae. albopictus and 26.7% of Ae. aegypti engorged females. Mortality rate was higher in Ae. albopictus (43.9%) than in Ae. aegypti (29.6%) (Table  I) .
Virus transmission rate for Ae. albopictus, as determined by the presence of viral RNA in the saliva of infected females, was higher than the infection rate (Table  I) . Viral RNA was detected in the saliva of 48.1% (25/52) of Ae. albopictus females on the 14th day after the infectious blood meal. In 16.7% of cases (5/30) viral RNA was not detected in the saliva of infected Ae. albopictus fe- (Table I) , and viral RNA was not detected in the saliva of 8 out of 20 (20%) females whose carcass harbored DENV-2. Thus, the transmission rate for Ae. aegypti was 60%. We obtain 1318 eggs from Ae. albopictus females between the 10th and 14th days after they have taken the blood meal containing dengue virus. Only 468 of the derived larvae reached the 4th instar, and most of them (N = 284) were pooled and frozen for subsequent virus detection and the remainder were reared until adult (Table II) . A total of 39 pools comprising 2 to 10 larvae was inoculated in cell culture. Virus was isolated from pooled larvae descendants of 48.5% (16/33) of infected females. Vertical transmission was confirmed by DENV-2 isolation from pooled female (25 examined pools of 2 to 9 females) descendants of 39.1% of experimentally infected Ae. albopictus (Table II) .
A total of 2003 eggs was laid by the control Ae. aegypti that had an infectious blood meal. From 638 descendant larvae that reached the 4th instar, 521 were pooled (37 pools comprising 4 to 23 larvae) inoculated in cell culture (Table II) , resulting in the isolation of virus from the progenies of 27.3% (9/33) of infected females. Infection rates were lower when virus was searched in adults descendant from Ae. aegypti fed on with a blood meal containing DENV-2: virus was isolated from 13.6% (3/22) of pooled females offspring of infected Ae. aegypti.
Reverse transcriptase-polymerase chain reaction (RT-PCR) profiles of dengue virus type 2 (DENV-2) detected in mosquito saliva. Ethidium bromide stained 1% agarose gel. Lanes -1: molecular weight marker 100bp (Gibco); 2: molecular weight marker of DENV-1, DENV-2, and DENV-3 RT-PCR products corresponding to 482 bp, 119 bp, and 290 bp, respectively; 3 to 9: saliva of Aedes albopictus females on the 14th day after taking an infectious blood meal containing DENV-2; 3, 4, 7, and 8: DENV-2 infected saliva of experimental Ae. albopictus; 5, 6, and 9: DENV-2 non-infected saliva of experimental Ae. albopictus; 10: positive control, DENV-2 isolated from C6/ 36 cell culture; lanes 11 to 13 negative controls; 11: water; 12, 13: saliva of non-infected Ae. aegypti and Ae. albopictus females from laboratory colonies. 
DISCUSSION
The assayed Ae. albopictus sample from Rio de Janeiro showed to be susceptible to oral infection by DENV-2, being more competent to transmit the virus both horizontally and vertically than the Manguinhos Ae. aegypti colony. It was demonstrated that (1) the infection rate for Ae. albopictus was higher than for the Ae. aegypti control colony; (2) the majority (83.3%) of Ae. albopictus females in which the infection by DENV-2 was established, the viral RNA was detected in the saliva on the 14th day after a blood meal containing the virus; and (3) the virus was transmitted to females descendants of nearly 40% of the experimentally infected Ae. albopictus.
The infection rate for DENV-2 we assessed for a colony of Ae. albopictus from Rio de Janeiro (36.7%) was similar to that found by Miller and Ballinger (1988) for a colony of the same species from Cariacica (38%), a site also located in Southeastern Brazil. Nevertheless, other Brazilian samples of Ae. albopictus have proved to be more efficient in replicating DENV-2 than the above mentioned. When analyzing F1 generation of 10 Brazilian samples of Ae. albopictus, Lourenço-de-Oliveira et al. (2003) estimated that infection rates for dengue were mostly between 50 and 80%, although infection rates have varied from 22.5 to 71.4% in four of their samples from Rio de Janeiro. These divergences are probably due to differences in experimental conditions, specially the number of generations of mosquitoes used, the method of virus titration and virus titer in the infectious blood meal, as demonstrated before (Vazeille et al. 2002) . Indeed, Lourenço- used a distinct method of virus titration and a much higher virus titer (10 8.2 MID50; where MID50 is 50% mosquito infectious dose) than ours (10 6 TCD50) for mosquito infection. Other authors have used DENV titer similar to ours in the infectious blood meal of mosquitoes (Gubler & Rosen 1976 , 1977 , Sunarto et al. 1979 , Rosen et al. 1985 .
We offer the DENV-2 infectious blood meal to mosquitoes for a period of 2 h, as did several previous authors (e.g., Gubler & Rosen 1976 , Rosen et al. 1985 . However, we noticed that virus titer in the experimental blood meal dropped considerably during that period of mosquito repast. In our experiments, DENV-2 titer was around 10 6 TCD50 in the first 10 min of the blood meal, whereas it ranged from 10 4.8 TCID50 to 10 2.0 TCD50 in 2 h. The infection and transmission rates for DENV in a susceptible mosquito population also depend on the amount of ingested infectious virus particles. Therefore, mosquitoes that promptly imbibed the infectious blood meal have much more chance to become infected than those engorged 2 h latter, since the formers ingest a much higher number of infectious viruses. Thus, short periods for mosquito engorgements (such as 10 to 20 min) are recommended to avoid false heterogeneous dengue infection rates for a single mosquito sample, such as has already been done by some authors (e.g., Johnson et al. 2002 , Lourenço-de-Oliveira et al. 2002 , 2003 , Vazeille et al. 2002 . This data also highlight the importance of standardizing procedures such as the duration of mosquito experimental infectious blood meal to estimate infection rate.
The presence of DENV-2 in samples of saliva of assayed Ae. albopictus and the control was assessed essentially by RT-PCR, although some samples were also inoculated in C6/36 cell cultures with poor results. DENV-2 was re-isolated in cell culture only in respectively zero and 12.5% of Ae. aegypti and Ae. albopictus saliva samples in which viral RNA was detected by RT-PCR. On the other hand, DENV-2 specific fragments were generated by RT-PCR in very diluted minute drops of 80% of saliva samples of Ae. albopictus females whose head squashes revealed DENV-2 antigens by IFA. Thus RT-PCR is an useful, specific and sensible method for the detection of DENV in saliva of mosquitoes. Indeed, RT-PCR has proved to be an efficient method for diagnose of DENV in human sera and blood with very low viral titers (Lanciotti et al. 1992) . This technique allowed us to demonstrate that the bite of 48% of the tested Ae. albopictus females from Rio de Janeiro were infected with DENV-2 on the 14th day after taken a artificial blood meal containing the virus.
Vertical transmission of DENV-2 was demonstrated to occur in almost half (16/33) of experimentally infected Ae. albopictus, when considering virus isolation from pooled 4th instar larvae derived from their offspring. The frequency of vertical transmission diminished among females descendants of infected Ae. albopictus. Accordingly, virus was isolated in pooled females descendants of 39.1% of orally infected Ae. albopictus females. On the other hand, this rate is even higher than that we obtained for infected Ae. aegypti (13.6%). These rates are in accordance or sometimes higher than those found by Rosen et al. (1983) , for both Ae. albopictus and Ae. aegypti fed with blood containing DENV-1 and DENV-2, and by Bosio et al. (1992) and Gokhale et al. (2001) for Ae. albopictus.
Cumulated mortality at 14 day of orally infected Ae. albopictus (43.9%) and Ae. aegypti (29.6%) (Table I ) was in accordance with the literature for both dengue infected and non-infected mosquitoes (Vazeille-Falcoz et al. 1999 ). On the other hand, survivorship of vertically infected larval batches and/or fecundity of parental generation seemed to be affected by dengue infection, since the number of descendant larvae that reached the 4th instar was considerably smaller than that of laid eggs. We obtain 1318 eggs from Ae. albopictus females that have taken an infectious blood meal but only 468 derived larvae reached the 4th instar. A total of 2003 eggs was laid by Ae. aegypti, but only 638 descendant larvae reached the 4th instar. Joshi et al. (2002) observed a longer duration in larval stages and diminishing in fecundity and fertility of the DENV-3 transovarially infected batches of experimental Ae. aegypti. Notwithstanding, these authors demonstrated that DENV persisted in successive generations of Ae. aegypti infected through vertical transmission and suggested that mosquitoes may play an important role in the maintenance of dengue virus in nature such as a reservoir.
Since Ae. albopictus samples from Rio de Janeiro and other southeastern sites have demonstrated to be susceptible to DENV and exhibited a high capacity to ensure vertical transmission, as evidenced herein and by previous workers (Mitchell & Miller 1990 , we may presume that this species may play a role in the maintenance of the virus transmission in this important entry point of both DENV and new mosquito populations in Brazil (Schatzmayr 2000 , Luz et al. 2003 , Lourenço-de-Oliveira et al. 2004 ) and that the expansion of this mosquito is a threat for dengue control in the country so far neglected by the nation campaigns. In the en-demic great metropolitan area of Rio de Janeiro, where species segregation has shown that Ae. albopictus predominate over Ae. aegypti in suburban and semi-rural neighborhoods (Braks et al. 2003) and no specific effort is made to control Ae. albopictus, this species may play an important role in the epidemiology of dengue by undertaking a continuing silent transmission of virus in such zones during inter-epidemic periods, specially via vertical transmission. Furthermore, dengue transmission patterns in some Brazilian areas may modify as an outcome of changing in population genetic composition of Ae. albopictus due to the underway invasion of new populations of this species in the American continent (Birungi & Munstermann 2002 , Lounibos et al. 2003 . Therefore Ae. albopictus vector capacity for DENV types circulating in the continent needs to be continuously estimated.
